Injuries from high tension electrical current result in approximately 1000 deaths per year and account for 3% of all major thermal injuries in the United States. Even though the complications from electrical injury can affect almost every organ system in the body, a neurological complication is perhaps the most common non-lethal one.
Introduction
Injuries from high tension electrical current result in approximately 1,000 deaths and account for 3% of all major thermal injuries every year in the United States (DiVincete et al., 1969; Farrell and Starr, 1968; Silvers ide, 1964; Skoog, 1970) .
This can cause damage to every organ system in the body and may simulate a crush injury rather than a thermal injury. While electrical injury can affect almost every organ system in the body, a neurological complication is perhaps the most common non-lethal one. Sensitivity of the nervous system to electrical damage has been well documented by experimental and by case studies. Critchley, 1934; Farrell and Starr, 1968; Skoog, 1970 . Spinal cord injury is perhaps the most significant permanent sequelae of the electrical injury to the nervous system. Such injuries are more frequently encountered than is generally recognized.
PARAPLEGIA
We describe five patients who had a spinal cord injury following electrical accidents.
Methods
One hundred and sixteen of the 1206 patients admitted to the Burn Unit at Kansas University Medical Center during the last 12 years had suffered electrical accidents. Eighty-five patients had evidence of contact injury and 31 had flash burn only. Among the 34 who had neurological injuries, 5 were noted to have spinal cord damage. Charts of these 5 patients were analysed for: 1. onset of spinal cord lesion, 2. types of injury, 3. clinical manifestation, 4. recovery.
Case 1
A 19-year-old man came in contact with a 34000 volt power line on 8/21/77. He sustained a 60% burn. The likely entrance wound was in the skull and exit wound was in the right foot. X-rays of the skull showed normal findings. There was no history of fall. Weakness of both lower extremities was noted on the third day and 2 days later he became completely paralysed in one leg and partially in the other. Both lower extremities were spastic with brisk deep tendon reflexes, positive Babinski response, decreased position sense and patchy sensory loss.
He developed neuropathic bowel and bladder disturbances. During the next 3 weeks there was some recovery in both lower extremities. He continued to progress even after discharge, but still has some bilateral lower limb weakness at the end of the third year of follow-up.
Case 2
A 66-year-old man came in contact with a high voltage power line on 3/18/81.
He sustained 5% burns with the likely entry point in the left hand and exit in the shoulder with an arc burn involving back and face. There was no history of fall. When ambulation was attempted at the end of the first week, loss of balance and weakness were noted. Within another week he became quadriparetic witha C-7 level. Deep tendon reflexes were brisk and Babinski signs were present.
Both position and vibration senses were decreased. He started improving after 2 weeks. At follow-up at one year, the patient had made a good recovery except for mild spasticity of the left side with decreased position sense over the right side.
Case 3
A 25-year-old female was admitted on 2/17/80 with a 15% full thickness burn which she sustained when her parachute got caught on a high voltage power line. The burn areas involved the anterior chest wall, and the right buttock and thigh. X-rays of the spine at the time of admission, were all within normal limits.
She was discharged on 3/15/80, when she was fully ambulatory without signs of neurological involvement. Four weeks later she complained of weakness and a tingling sensation in both lower extremities. Examination showed weakness of muscles in both lower extremities, the right more so than the left. She had decreased pin-pick sensation in both lower extremities. There was difficulty initiating micturation. E. M. G. , urodynamic studies and repeat X-rays of the spine were all within normal limits. Re-evaluation about 2 weeks later showed almost complete recovery of muscle strength and normal sensory function. Table 1 . Three patients with a history of fall had normal X-rays of the spine, ruling out the possibility of fracture or dislocation. Motor weakness was noted in the first patient on the third day and in 2 patients, the onset was noted towards the end of the first week. In these two patients, the weakness was noted for the first time when ambulation was attempted.
The remaining two patients demonstrated weakness about 4 weeks from injury.
The entrance and exit wounds were on the same side in 2 patients and on the opposite side in the other three. One had an arc burn from the shoulder to the face, but did not have any deep wound in the neck area. Clinically all patients had an upper motor neuron type of lesion and in all it was incomplete. Two patients had quadriparesis and the other 3 paraparesis. Three had both motor and sensory involvement, and 2 had only motor involvement. Motor involvement was much more predominant in all patients. One patient (Case 1) had significant paraparesis from the third day and remained paraparetic even at the end of 3 years. In two other patients, complete recovery occurred in a matter of 2 to 3 weeks and in about 3 months in the fourth patient. The fifth patient also made a significant recovery even though he still had minimal residual weakness at the end of one year follow-up. Two patients reported urinary symptoms, but only one had a documented neuropathic bladder.
Discussion
Electrical injuries are partly the result of conversion of electrical energy to heat energy within the body. There are several factors influencing the extent of damage (Skoog, 1970; Solemand Fischer, 1977) . 6. Duration of the contact. The longer the duration, the more extensive the damage.
Complications from electrical injury can affect almost every organ system in the body. Neurological involvement includes cerebral lesions, spinal cord lesions and peripheral nerve damage. (Hartford and Zeffen 1971; Solem and Fischer, 1977) . The incidence of neurological complications is reported to be anywhere from 40-75% (Hartford and Zeffen, 1971; Remensynder, 1980) . Several possible mechanisms of injury to the nervous system have been explained. These are:
1. Heating effect.
2. Electrogenic changes.
3. Vascular changes.
The direct heating effect can cause necrosis of the cord. Experimental studies have shown that the passage of electricity through the nervous system can cause changes in the protein molecules. (Christensen et al., 1980; Farrell and Starr, 1968; Panse, 1970) . 2. Delayed. The delayed onset of spinal cord injury can happen anytime, from a few days up to two years. They are usually incomplete and predominantly motor. They can be progressive, and full recovery is uncertain.
Panse (1970) patients within 24 hours. They also described 40 patients in which the onset was more than a few days, up to 2 years following trauma. None of these patients made a complete recovery and only two had any significant recovery. Most had pain and paraesthesiae which resolved, but weakness persisted.
In our review of the literature, we could not find any statement about the incidence of spinal cord injury following electrical accidents. One of the main reasons for this is that in most of the published series there are only 2 or 3 patients. In the six series, including our own, where complications are discussed, the incidence of spinal cord injury varied anywhere from 2 to 27 percent. (Table   2 ). The two series with a large incidence of complications (Baxter, 1970 and Silverside, 1964) were rather small in the total number of patints. Most of the larger series reported an incidence of from 2 to 6 percent. In our series, we detected 5 cases of spinal cord involvement among 85 patients, giving an incidence of 6 percent. This constitutes 15 percent of all neurological complications following electrical accidents. Other complications from electrical injuries include renal failure, muscle damage, cataract and extensive tissue necrosis requiring amputation.
Conclusion
The incidence of spinal cord injury following an electrical accident is 6 percent in our series. There was no evidence of deep local burns related to the level of spinal cord injury, indicating that the injuries are secondary to conductive current rather than due to a direct heating effect on the cord. There was also no evidence of mechanical trauma to the spine in any of our patients. We could not find any correlation between entrance-exit point and spinal cord damage, to specifically suggest that any particular pathway is more dangerous than the other. All of our patients had incomplete lesions; 3 were paraparetic and 2 quadriparetic.
Contrary to some of the previous reports, 3 of our patients who had a delayed onset of neurological abnormality made an almost complete recovery. The clinical manifestations were motor and sensory, with the former being predominant. 
